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Nuclear shapes and shape coexistence

M. Girod, CEA

N=Z

Prolate

Oblate

N~Z nuclei at A~ 70 show pronounced oblate minima



Shape coexistence in Shape coexistence in thethe light light KrKr isotopesisotopes

Possible 0+ isomers and configuration mixing
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Fragmentation of a ~70 MeV/u 
78Kr beam (~1012 pps)

Separation with the LISE3 spectrometer 

Identification at the focal plane
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Observation Observation ofof a “a “shapeshape isomerisomer” in ” in 7272KrKr

CE spectrum in coincidence with 72Kr fragments
~2 72Kr ions/sec, isomer ratio 6(2)%

671710

0+

0+

2+

non-negligible
influence on 
rp process

New excited 0+

state in 72Kr
ρ2(0+→0+) ~ 70 m.u



Shape Shape mixingmixing propertiesproperties ofof KrKr isotopesisotopes

Inversion of ground 
state shape for 72Kr

Coulomb excitation
to determine the 
nuclear shapes

Mixing of the ground state
E. Bouchez et al.,
Phys. Rev. Lett. 90, 082502 (2003)
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Coulomb excitation : Coulomb excitation : thethe methodmethod

Collective states : yrast and non-yrast
Multiple excitations

76Kr
Transition probabilities B(E2)

Absolute value of deformation
2

σcoulex ∝ B(E2) Ztarget β
2Static quadrupole moments 

Oblate / Prolate ?
σ(

2+ )
 b

ar
n

Cross section

θCM

76Kr on 208Pb

Qs =-1.45 eb
Qs = 0.92 eb



GANIL

Fragmentation of a ~70 MeV/u 
78Kr beam (~1012 pps) on SPIRAL 
target

Re-acceleration of the pure ISOL
beam with CIME cyclotron  

Coulomb excitation on secondary 
target at sub-barrier energies



ExperimentalExperimental setset--upup



ExperimentalExperimental setset--upup

beam 

208Pb

208Pb, 48Ti

TargetEnergy
(A.MeV)Intensity (pps)Nucleus

4.710474Kr 
4.4/2.65.10576Kr 

Clover 
EXOGAM

PbPb

γ

Si detector



CalculationsCalculations usingusing thethe GOSIA codeGOSIA code

γ-yields for several CM scattering angles 
- two different targets in the 76Kr case: 208Pb, 48Ti 

T. Czosnyka, D. Cline and C.Y. Wu

Known spectroscopic data
- Lifetimes
- Branching ratios
- Mixing ratios

least square fit of ~30 matrix elements

Branching ratio
Mixing ratio

76Kr



QuadrupoleQuadrupole moments in moments in 7676Kr Kr 

- Significantly improved precision on B(E2) values
Transitional matrix elements 

- Constant (absolute) value of the quadrupole moment : Qt~ 2.8 eb

E. Bouchez, PhD thesis 2003

(+ 2,6 eb)

+ 2,9(2) eb

(+ 3,6 eb)

Q0

Diagonal matrix elements 

prolate deformation
β ~ + 0.38

First reorientation measurement with a radioactive beam 



StaticStatic quadrupolequadrupole moments in moments in 7474Kr Kr ((preliminarypreliminary))

Prolate ground-state band
Oblate excited 2+ state 

+3.23(60) eb

+1.64(90) eb

+4.72(57) eb

+3.3(1.0) eb

-3.0(5) eb

0+

2+

4+

6+

8+

10+

0+

2+

2+

455.8

1013.92

1782.03

2748.94

3893.75 KeV

508

1202

1741

0+
1653.8

4+
2107

But:
irregularity in ground-state band ?
need more constraints for excited band:

Plunger lifetime measurement



TheThe nextnext stepstep: : 7272Kr Kr 

intensity of (re-accelerated) 72Kr SPIRAL beam is 
currently too low for low-energy Coulomb excitation
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IntermediateIntermediate--energy Coulomb excitation in energy Coulomb excitation in 7272KrKr

Fragmentation of 70 MeV/u 78Kr primary beam on SISSI target
Separation in the LISE spectrometer
Coulomb excitation of ~50 MeV/u 72Kr fragments 
on thick 208Pb target: 220 mg/cm2

feasible with ~ 100 pps
goal: identify oblate 2+ and measure the B(E2) for oblate and prolate 2+

72Kr beam
from
SISSI

Microchannel 
plate 208Pb 220 mg/cm²

4 Exogam 
clovers

2 silicon strip
detector
(140µm , 300µm) SiLi 4mm 

for e-

2 plastic
scintillators 
300 µm 

2  Si for e-



ConclusionsConclusions

Isomer spectroscopy after fragmentation reactions
shape isomers in 72Kr and 74Kr
systematics in the chain of isotopes / mixing

Low-energy Coulomb excitation of ISOL beams 
transitional and static quadrupole moments in 74Kr and 76Kr
confirmation of shape coexistence scenario
feasible with ~ 104 pps

Intermediate-energy Coulomb excitation of fragmentation beams
use of thick secondary target ⇒ feasible with ~ 100 pps
attempt to measure oblate and prolate 2+ in 72Kr
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